Soft-type cookies were prepared with up to 35% fat replacement by fat mimetics, namely Litesse (improved polydextrose), C*deLight MD 01970 (maltodextrins), Dairytrim (b-glucans), pectin and Simplesse Dry 100 (a blend of micropatriculated whey proteins and emulsifiers). Physical, textural and sensory properties of the cookies were measured. All formulations with fat replacement up to 23% showed properties similar to control cookies except hardness. Cookies with 35% fat replacement by Litesse, a combination of Litesse and C*deLight MD 01970 and a combination of Litesse and Simplesse Dry 100 (50% each) presented a greater hardness, but physical properties as well as flavor and general acceptance comparable to the control cookies.
INTRODUCTION
The current trend in nutrition and health awareness leads consumers to turn towards reduced or low-fat foods. In the USA and most European countries, the daily fat consumption represents about 40% of the total caloric intake; however health professionals recommend that the daily fat consumption should not exceed 30% of the total calories in a diet (Anonymous, 1990; Giese, 1996; Akoh, 1998) . The replacement of fat in a food system is a complex problem because fat contributes major sensory and physiological characteristics. Fat provides flavor, mouthfeel, taste and odor; it also contributes to creaminess, appearance, palatability, texture and lubricity. The substances used in place of the fat in food systems are generally called fat replacers and are categorized into two groups -fat substitutes and fat mimetics (Akoh, 1998) . Fat substitutes are macromolecules that physically and chemically resemble triglycerides, while fat mimetics are substances that imitate sensory or functional properties of triglycerides but which cannot replace fat on a gram-for-gram basis. They are proteinor carbohydrate-based. The caloric value of these substances ranges from 0 to 4 kcal/g.
Cookies are classified in the soft-dough category of biscuits. Tenderness is their most pronounced textural characteristic, provided mainly by the high fat content (Whiteley, 1971) . Several attempts have been made to replace fat by fat mimetics in cookies as well as in several other bakery products. In most cases production of goods with acceptable properties was achieved when partial, instead of full, replacement of fat was used. For example polydextrose was tested as a fat and sugar replacer in cakes, brownies and chocolate cookies and formulations were proposed for the preparation of acceptable products with one third lower calories than their full-calorie counterparts (Freeman, 1982) . Research on shortening replacement by polydextrose (Litesse), or a blend of mono-and diglycerides in crisp oatmeal cookies showed that the sensory characteristics and physicochemical parameters of the prepared cookies were affected by shortening replacement and that Litesse appeared a suitable replacer for one fourth of the shortening (Campbell et al, 1994) . Experiments with Litesse and several starchbased fat replacers showed that fat replacement of 35% had the least negative effects on physical properties of cookies, compared to replacement of 45 or 55% (Sanchez et al, 1995) . Oat-derived fat mimetics have been also reported for partial replacement. Oat fibers were used in order to produce bread or soft-type cookies with one third fewer calories, which presented color and flavor comparable to standard products (Dougherty et al, 1988) . Oatrim (soluble b-glucans and amylodextrins from oat flour) and Z-Trim (oat and corn fibers) gave bakery products with acceptable sensory characteristics when they replaced fat by 50%, but 75 and 100% replacement resulted in lower overall quality (Warner and Inglett, 1997; Inglett et al, 1994) . Trim Choice-5 (derived from oat flour with the bran) added to biscuits to replace 33, 66 and 100% fat presented an increase in moisture content and color lightness and a decrease in tenderness of the biscuits with increase of fat replacement; however consumers rated the biscuits with up to 66% fat replacement as acceptable with no significant differences compared to control biscuits (Conforti et al, 1996) . Other carbohydrate-based fat mimetics tested were Slendid (pectin) and Kel-Lite BK (a blend of gums). The results were more or less similar to those obtained with Trim Choice-5 and indicated that a fat replacer can be a viable additive in biscuits, but there is a maximum at which the mimetic can be used for fat and still produce an acceptable final product.
Protein based fat mimetics have also been proposed for bakery products. Simplesse Bakery Blends, which consist of whey microparticulates and selected emulsifiers were used in low-fat cakes, muffins, brownies for fat reduction up to 93% and reported not to affect the full-fat taste (Pszczola, 1994) .
The purpose of this study was to examine representative fat mimetics for suitability as fat replacers in soft-type cookies. Soft-type cookies have a high fat content, which provides tenderness as their main textural attribute. The effect of fat replacement by the fat mimetics on textural and sensory properties of the cookies was examined. Changes in physicochemical properties were also studied.
MATERIALS
Five types of fat mimetics were used: an improved polydextrose, Litesse (Pfizer, Inc., New York, NY); a maltodextrin with low dextrose equivalent (D.E.=3), C*deLight MD 01970 (Cerestar, Belgium); an oat derived product rich in b-glucans, Dairytrim (Meyhall Chemical AG, Netherlands); a pectin derived from fruits, type LM 131 NH (Sanofi Bio-Industries, France) and a blend of microparticulated whey proteins and emulsifiers-Simplesse Dry 100 (The Nutrasweet Kelco Company, UK). Polydextrose, C*deLight MD 01970 and Dairytrim were dissolved (20% wt/wt) in cold water. Pectin was dissolved (10% wt/wt) in water heated at 100 ° C. Concentration of 20% was not used for pectin because when added to the cookie formulation resulted in a firm blend which was not homogeneous. Simplesse Dry 100 was dissolved at a concentration of 33% (wt/wt) in cold water. At 20% concentration Simplesse Dry 100 gave a solution with low viscosity. The solutions were stored at 4°C overnight. Cold storage resulted in gel formation for all the formulations except polydextrose solution.
The control cookie formulation contained the following ingredients at the indicated level: flour, 200 g; sugar, 81 g; margarine, 88 g; cold soluble starch (C*Top 126E1), 10 g; whey, 3.5 g; ammonium bicarbonate, 2.6 g; sodium bicarbonate, 1.7 g; tartaric acid, 0.6 g; sodium stearoyl lactate (SSL), 2.0 g; water, 36 g.
In low fat formulations 11.5, 23.0 and 35.0% of margarine was replaced by an equal weight of the fat mimetic formulation. Plain fat mimetics were tested or in combinations of two at equal quantities.
METHODS

Experimental Procedure
Cookies were prepared according to the following procedure: All ingredients except the fat mimetic formulations, were equilibrated overnight in an oven at 25°C. Margarine was mixed with water, starch, emulsifier, whey, sugar, salt and the fat mimetic preparation in a Kenwood mixer, model Kenwood Chef A901 (Kenwood Manufacturing Company Ltd., England) for 2 min at low speed and then for 5 min at high speed, until a cream was formed. Flour, sodium bicarbonate, ammonium bicarbonate and tartaric acid were sifted together and added to the cream. The dough was formated to 4 cm diameter and 3 mm height cookies using a frame of 3 mm height. Each batch yielded 20 cookies. The cookies were baked in an air circulation oven at 190°C for 20 min and were allowed to cool at room temperature for 2 h. Some cookies were withdrawn for measurement of physical properties. The rest were packaged in PVC bags for 24 h and then were examined for their texture and sensory properties. All experiments were run in duplicate and the presented results are the average of two trials.
Methods
The physical properties measured were diameter, weight, water activity, and color. In order to measure diameter of the cookies the following procedure was followed: six samples were put the one next to the other and the total diameter was measured with an accuracy of 1 mm. Then cookies were rotated by 90° and the new diameter was measured. The average of the two measurements divided by six was the final diameter of the cookie. Water activity of samples was measured in a ro-tronic A2 Hygromer (rotronic, AG, Switzerland). Pieces of each sample were put to the Hygromer champer (dimensions: internal diameter: 4.5 cm, height: 4 cm). Measurements of water activity and temperature were taken until equilibrium values were obtained (1 h approximately). Mean value of duplicate measurements was considered as result for each sample. The color of the cookies was measured using a Minolta chromameter, model CR-200 (Minolta Camera Co., Ltd, Japan). L, a and b values of color were recorded. Three specimens were used for each deternination and the presented results are mean values. The color of the dough (L , a and b values) was also measured by the same instrument, conducting three measurements for every batch.
The texture of the samples was evaluated by using a TA-XT2 Texture Analyzer (Stable Micro Systems, UK) and conducting a "measure force in compression" test with a sharp-blade cutting probe, 6 cm long and 0.1 mm thick. The analyzer was set at a 'return to start' cycle, a speed of 1 mm/s and a distance of 3 mm. A force-penetration distance diagram was taken for each test. All measurements were conducted three times and the presented results are mean values.
Sensory Analysis
Sensory analysis of flavor hardness and appearance of cookie samples was conducted by a 10-member trained panel. Flavor was evaluated by the Flavor Profile Analysis procedure as the complex sensation of taste and smell that is perceived simultaneously during tasting of the product (Amerine et al., 1965; Stone and Sidel, 1993) . Hardness was evaluated by the Texture Profile Analysis procedure as the mechanical characteristic perceived on the fingers, at first bite and during chewing of the product (Stone and Sidel, 1993) . Appearance evaluation was based on shape similarity, lack of defenses and surface smoothness. General acceptance was also scored by the assessors through the combined estimation of flavor, appearance and texture.
Flavor, hardness, appearance and general acceptance were rated on a 1-5 intensity scale where l=lower score and 5=higher score. The assessors had been trained and characteristics that correspond to 0 or to 5 of the score scale has been explained to them in order to score by the same way.
Statistical Analysis
Data were analyzed by single factor analysis of variance, with acceptance at a significance level of 95%. The data Analysis-Regression option of the Microsoft Excel 97 (Microsoft Corporation) program was used.
RESULTS AND DISCUSSION
Physical properties
Analytical measurements were selected to elucidate the effect of fat replacement by fat Mean Values with the same superscript letter within the same column are not significantly different at P<0.05 mimetics on the most important characteristics of the cookies. Soft-type cookies have significantly greater diameter after baking, due to the lack of elastic properties of the dough. Small weight loss during baking is desirable. The fat-reduced cookies should demonstrate water activity comparable to the control, as this property mainly affects shelf-life. There were no significant differences (p<0.05) in diameter after baking, weight loss and water activity between control and fat reduced cookies at 11.5 and 23.0% level of fat replacement. However increasing the percentage of fat replacement to 35.0% some of the prepared cookies, presented significant differences in these properties, compared to the control cookies. The results at 35.0% level of fat replacement are presented in Table 1 .
All cookies were formed at a diameter of 4 cm before baking. Cookies presented a substantial increase in diameter after baking that is attributed to gluten properties of the soft wheat flour, which forms rather a collapsible film instead of an elastic network (Slade and Levine, 1994) . As a result, cookies show expansion followed by collapse during baking, while the elastic network would exhibit an elastic shrinkage after expansion and therefore no abrupt increase in diameter. Pentosans and damaged starch enhance network formation and elastic shrinkage of the cookies (Slade and Levine, 1994) . Cookies prepared with pectin and maltodextrins (C*deLight MD 01970) had significantly smaller diameter than the control followed by cookies prepared with bglucans (Dairytrim). Pectin, maltodextrins and b-glucans seem to act as secondary sources of network formation and to exaggerate the contribution of gluten network to elastic shrinkage and therefore the prepared cookies have small diameter.
The mean weight loss of cookies prepared with all five fat mimetics at 35.0% level of fat replacement, is also presented in Table 1 . Samples prepared with fat mimetics presented greater weight loss than the control, as expected, since all fat mimetics were added in the form of gels or solutions and those preparations contained higher amounts of water. Although the preparations of fat mimetics contained different amountsof water no significant differences in weight loss of the prepared cookies with anyone of the mimetics were observed.
Increasing the percentage of fat replacement, resulted in an increase of water activity. Cookies prepared with the fat mimetics at 35.0% fat replacement demonstrated significantly higher water activity than the control cookies, as presented in Table 1 .' Samples prepared with polydextrose, pectin and Simplesse Dry 100 had significantly higher water activity than samples with C*deLight MD 01970 and Dairytrim. However, the measured water activity with all fat mimetics was below the values that permit growth of microorganisms or enzymatic activity and oxidative deterioration (Labuza, 1971) .
The color of the dough and the cookies (bottom and up surface) is measured in order to find out whether the addition of fat mimetics results in undesirable color compared to the control sample. The values of color (L, a and b values) are presented in Table 2 . No significant differences were observed in color values (L, a and b) of dough, up and bottom surface of cookies prepared with fat mimetics at all levels of fat replacement compared to color values of control cookies.
Texture Analysis
In each texture analyzer test, a force-penetration/distance curve was taken. A representative curve of control cookies is presented in Figure 1 . Peak force and penetration distance (i.e. distance at which peak force occurred) were measured. These two values can be used in order to estimate the characteristics of texture of each formulation. Peak force represents the maximum resistance of each cookie against the cutting blade and usually occurs when the sample is starting to break. Therefore, cookies which show high values of peak force are less tender. Penetration distance at peak force is also an important value for cookies texture, as it represents the compressibility of the sample. Cookies, which demonstrated greater values for penetration distance at peak force, were more compressible and less brittle.
The results from Texture Analyzer tests are presented in Fig. 2 and 3 . Control cookies showed the lowest peak force and the higher penetration distance at peak force, therefore they were the most tender and the least brittle samples. Peak force and penetration distance at peak force for samples at 11.5 and 23.0% fat replacement were similar (p<0.05) to control samples.
All formulations containing fat mimetics at 35.0% fat replacement demonstrated higher mean values of peak force than the control cookies, but only fat-reduced cookies prepared with Dairytrim and polydextrose demonstrated peak force mean values significantly higher compared to control. Especially polydextrose at 35.0% fat replacement gave significantly higher peak force than polydextrose at 23.0% fat replacement. These results are in agreement to references about polydextrose substituted low-fat cookies which showed that replacement of up to 25% fat did not affect significantly the penetration force of the samples (Campbell et al, 1994) , but higher percentage (>35%) of fat substitution by polydextrose resulted in greater breaking strength (Sanchez et al, 1995) .
Regarding distance at peak force all samples at 35.0% fat replacement gave lower mean values compared to the control, but only cookies prepared with pectin were significantly different than the control indicating a less compressible and more brittle structure.
Cookie Sensory Evaluation
The sensory panel assessors evaluated appearance, flavor, hardness and general acceptance of fat-reduced cookies. Especially, general acceptance was derived as a combination of appearance, texture and flavor. The control cookies were used as reference samples.
The appearance of the cookies prepared with all five fat mimetics at 11.5, 23.0 and 35.0% of fat replacement and of the control cookies was rated as "acceptable" by the sensory panel.
Cookies containing all five fat mimetics at 11.5% fat replacement were similar (p<0.05) to control cookies regarding flavor, hardness and general acceptance according to the sensory panel results. More significant differences were noted between control and cookies at 23.0 and 35.0% fat replacement. The results of sensory evaluation of flavor, hardness and general acceptance are presented in Figures 4, 5 and 6, respectively. Cookies containing Dairytrim, C*deLight MD 01970 and Simplesse Dry 100 at 23.0% and 35% fat replacement had significantly lower flavor score than the control. Pectin affected the flavor of the cookies at 35% fat replacement; the samples prepared with 35% fat replacement by pectin had significantly lower flavor score than the control. On the other hand, polydextrose (at all levels of fat replacement) showed similar flavor to the control.
Increasing the percentage of fat replacement generally increased hardness of cookies as presented in Fig.5 . Samples prepared with polydextrose, Dairytrim and pectin at 23.0% fat replacement, had significantly higher hardness than the control, while at 35.0% fat replacement, samples prepared with all five fat mimetics were estimated as significantly harder than the control. The results of the sensory panel, presented in Fig. 5 are generally in good agreement with mean maximum force values presented in Fig. 2 . However, pectin-made cookies were perceived as the most hard by the sensory panel, while they did not demonstrate the highest peak force. Greater hardness perceived by the sensory panel might be attributed to the higher brittleness presented by pectin cookies, as indicated by penetration distance (Fig.3) .
According to Conforti et al. (1996) sensory perceived hardness of biscuits containing pectin-based or oat-based fat mimetics was higher than unsubstituted samples but no difference between the fat mimetics was observed. Polydextrose substituted low-fat cookies are also reported to present differences in some sensory perceived textural characteristics as the first chew (Campbell et al, 1994) . Although no more details are given, first chew might be correlated with hardness. General acceptance of the cookies, a combination of flavor, appearance and texture, as evaluated by the sensory panel is presented in Figure 6 . Cookies containing Dairytrim, pectin and Simplesse at 23.0 and 35.0% level had significantly lower general acceptance than the control. Samples prepared with polydextrose and C*deLight MD 01970 showed general acceptance comparable to control.
Therefore the most acceptable cookies at 35.0% fat replacement were those prepared with improved polydextrose (Litesse) which demonstrated good general acceptance and acceptable flavor, but were significantly harder than control cookies. Samples prepared with maltodextrin (C*deLight MD 01970) also showed good general acceptance, but gave a low flavor score. Samples prepared with b-glucans (Dairytrim) were much harder, had a lower flavor score and lower acceptability. Cookies containing pectin showed the smallest general acceptance by the sensory panel, while being the most hard. Cookies prepared with microparticulated whey protein (Simplesse Dry 100), despite being the most tender among samples prepared with all five fat mimetics, had low acceptability, because of their low flavor score.
Polydextrose, which was the most acceptable fat mimetic at 35% fat replacement, was tested in combinations with the other fat mimetics (50% each) in order to make the cookies more tender. The results of the sensory evaluation of the prepared cookies are presented in Table 3 . Combination of polydextrose with C*deLight MD 01970 and polydextrose with Simplesse dry 100 gave cookies with better results (compared to samples prepared with plain fat mimetic) regarding general acceptance, flavor and hardness.
